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VIBRATION-GENERATING SMALL-SIZED MOTOR AND 
PORTABLE ELECTRONIC EQUIPMENT THEREWITH 

TECHNICAL FIELD 

[0001] The present invention relates to a vibration-generating small-sized motor that 

operates with the capability of a silent vibration alarm (generally called the "manners mode"), 
to be mounted primarily in a portable electronic equipment (including portable wireless 
telephones, PHS, small-sized wireless communications equipment, and also various types of 
portable information processing terminals). Specifically, it relates to a power feed mechanism 
eonnecting the motor to a power supply section of a circuit board within the electronic 
equipment. 

BACKGROUND ART 

[0002] There are occasions, such as when people assemble in quiet public places like 
museums or concert halls, or when one is engaged in business taiks or important conferences, 
in „h,ch people nearby would be greatly put ou, by the sudden ringing of portable electronic 
equ.pmen. (primarily portable telephones). For that reason, varieties of portabU electronic 
equ.pmen. have eome to be equipped wUh a sHen. atarm function, making use of vibration- 
generating small-sized motors such that one is notified of an incoming call by means of a 
bodily-sensible vibration. 

[0003] These vibration-generating small-sized motors are equipped with eccentric 
weights on me motor's axis of rota.ion, and use the uneven centrimgal force when the center 
of gravity of the weigh, roia.es when .he motor is in operation to cause indirect* the 
vibration of me portabie telephone or outer electronic equipment Therefore, with the spread 
of such varieties of portable electronic equipment, ,he proportion of eqmpmen. in which such 


m o,ors are mounted and .he frequency of their use are increasing daily. Particularly in dre 
case of mobile communica.ions equipment such as portable lelephones and PHS, which are 
becoming markedly smaller and more popuiar, ihese vibrato-generating smal.-sized motors 
are efficiently mounter) in the limited physical space within the case. 

[0004] Further, there are constant improvements in the method of supplying power 
from the power source (usually the circuit board) to the vibration-generating small-sized 
mo .o, in this electronic equipment. One newly adopted mechanism is the use of terminals in 
place of soldered leads for attachment to the power supply or the equipment itself. 
[0005] For example, in the portable electronic equipment in which these vibration- 
generating small-sized motors (hereafter called "vibrating motors" as necessary) are mounted, 
a power supply terminal mechanism like tha, shown in FIG 13 can be offered as a medtod 
Uta, allows assembly with relatively few assembly processes and tha, enables direct power 
supply from the circuit board to the motor itself. The shape of the terminal shown in the 
figure is such tha. a portion of a power supply ierminal 104 ma, is located in a .ermina. 
ashmen. 105 of a vibrafing motor 101 is made of leaf spring .ha. is ben. a, a bend 104f. 
Because of the resiliency of the portion adjacent .o the bend 104f, comae* 104d of the power 
supply .ermina, 104 are pressed tnto contact with electrodes or with power supply lands (no, 
Ulustrated) of .he circuit board (see, for example, pages 4 and 5 and figures 5 and 6 of Paten, 
Reference 1: Japanese Pa.en, Laid-Open Publication No. Hll-136901). Or as shown further 
in FIG 14, by interposing an eiastic pressure body 30 (primarily dte portion designated 30g) 
that covers a portion of the external housing ease !03 between .he power supply terminal 104 
and the external housing case 103, the elastic response of me leaf spring power supply 
terminal 104 and .he elas.ic pressure body 30 (primarily me portion designated 30g) are 
added togcher so tha, the contacts 104d of .he power supply terminal 104 are pressed in.o 
contact wi«h .he electrodes or with power supply lands 55 of a circuit board 50 (see, for 
example, pages 4 and 5 and figures 1 and 5 of Pa.en. Reference 2: Japanese Paten, Laid-Open 
Publicanon No. 2000-78790, and pages 13 ,o 16 and figures 3 and 4 of Paten, Reference 3: 
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u u h m4f and so when the vibrating motor is mounted in tne 
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that tt is separat „ f fte case The idea of the attachment 

whic h the terminal is pu, tuto contact with the tnstde . - 

™ t„ these configurations is that the eiecirouc 
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are pressed in the direction of the surface of the circuit board through the elastic pressure 
body; the force of pressure from the equipment case that sandwiches the external housing 
case of the motor compensates for the reduce elasticity of the leaf spring terminal by means 
of a rubber flexible body and at the same time applies pressure so that the pressure level of 
the electrical contacts of the terminal blade is reliably maintained. But while that problem is 
resolved, the method gives rise to several new problems. 

[0010] In this structure, the leaf spring terminal and the motor are arranged so that 

they are stacked in the direction of thickness; this results in an increase of the overall 
thickness of the electronic equipment. Further, in a structure in which the contact points of 
the power supply terminal are subject to the stacking pressure, as shown in FIG. 14, the 
contact points 104d of the power supply terminal 104 of the motor are held firm by being 
sandwiched between one side of the equipment case 100 and the circuit board 50. Because of 
that, a force F is applied against the thin circuit board 50, and there is concern that the stress 
may cause deformation or splitting of the circuit board 50. Given the mode of use of portable 
electronic equipment, especially, there is constant demand to make the equipment thinner, but 
sometimes the equipment is dropped through a lack of attention, and strong impacts are often 
felt within the equipment case; there is apprehension that as the equipment grows thinner, 
malfunctions will result from poor connections caused by damage to the circuit board. 
[0011] Accordingly, an object of the present invention is to enable a highly reliable 

connection between the power supply terminal of the motor and the electrode or the circuit 
board power supply land, and to enable a lengthy stable power supply (life-span). Thus the 
present invention has an object of providing a vibration-generating small-sized motor that 
operates with electrical stability. A further object of the present invention is to enable both a 
mounting structure for the motor that will not create an unnecessary stress load on the circuit 
board and a structure to hold the motor in place and reliably transmit vibrations to the case of 
the portable equipment. 
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DISCLOSURE OF THE INVENTION 

[0012] In order to resolve the above-described problem, the invention of claim 1 is a 

vibration-generating small-sized motor that includes a mechanism to generate a vibration 
using an eccentric weight and that is mounted inside a portable electronic equipment 
equipped with an electrode or a power supply land on a circuit board, comprising within an 
external housing case thereof a stator and a rotor, a commutation mechanism, a power 
supply terminal that connects electrically with the electrode or power supply land of the 
electronic equipment, and a terminal-blade mount on which the power supply terminal is 
mounted, wherein the power supply terminal includes a pair of resilient terminal blades that 
are located on the terminal-blade mount provided at a face of the external housing case of the 
motor, facing each other and pressing together, and the electrode or the power supply land on 
the circuit board are clamed between the resilient terminal blades, whereby the vibration- 
generating small-sized motor can be electrically connected to the power supply of the 
electronic equipment. 

[0013] Accordingly, only the power supply terminal deforming flexibly is provided, 

and it is possible to shorten the length of substantial contact with the power supply land. 
Further, by having the power supply land of the circuit board of the electronic equipment 
clamped between the pair of terminal blades that face each other and press together, it is 
possible to connect the power supply terminal of the motor directly to the power supply of the 
electronic equipment. Therefore, there is no need to have indirect connection pieces in 
addition to the terminal blades and no need for space for such pieces; there are fewer parts, 
assembly is easier, and the connection is more reliable. 

[0014] Also, the invention of claim 2 is the vibration-generating small-sized motor of 

claim 1, wherein the power supply terminal is a pair of terminal blades of resilient, curved 
leaf spring material, located facing each other at one end of the external housing case and 
substantially parallel to an axis of rotation. 

[0015] Accordingly, there are terminal blades facing each other at one end of the 


motor's external housing case and substantially parallel to the axis of rotation that make their 
connection parallel to the circuit board and within the outer dimensions of the terminal mount, 
so that the space occupied by the connection points of the power supply terminal does not 
substantially affect the thickness of the equipment in which the motor is mounted. Therefore, 
there is no need for extra space in the direction of the thickness of the equipment as in 
conventional contact and attachment structures using leaf spring terminals and elastic 
pressure bodies stacked with the body of the motor. 

[0016] Also, the invention of claim 3 is the vibration-generating small-sized motor of 

claim 1, wherein the power supply terminal is a pair of terminal blades of resilient, curved 
leaf spring material, located facing each other at one side of the external housing case and 
substantially perpendicular to an axis of rotation. 

[0017] Accordingly, there are terminal blades facing each other at one end of the 

motor's external housing case and substantially perpendicular to the axis of rotation that make 
their connection parallel to the circuit board and within the outer dimensions of the terminal 
mount, or within the radius of the external housing when it is substantially cylindrical, so that 
the space occupied by the connection points of the power supply terminal does not 
substantially affect the thickness of the equipment in which the motor is mounted. Therefore, 
there is no need for extra space in the direction of the thickness of the equipment as in 
conventional contact and attachment structures using leaf spring terminals and elastic 
pressure bodies stacked with the body of the motor. 

[0018] Also, the invention of claim 4 is the vibration-generating small-sized motor of 

any one of claims 1 through 3, wherein contact points of the terminal blades that face the 
electrode or the power supply land on the circuit board and vicinity thereof are exposed, and 
remaining outer peripheral portions of the terminal blades are covered with an insulating 
material. 

[0019] Accordingly, the sides of the terminal blades of the power supply terminals 

that face the power supply land of the circuit board are exposed at and near the contact points 


and the remaining portions are covered and protected by an insulating material, so that 
portions of the terminal blades other than the contact points are prevented from contacting 
nearby electrical conductors, and so that it is possible to hold the terminal blades to the 
terminal mount and adjust the position of contact with the power supply lands in accordance 
with the desired shape of the terminal blades. 

[0020] Also, the invention of claim 5 is the vibration-generating small-sized motor of 

any one of claims 1 through 4, wherein each of the terminal blades of the pair of power 
supply terminals is independently positive or negative. 

[0021] Accordingly, the individual terminal blades of the pair of power supply 

terminals have independent resiliency to press together against the separate positive and 
negative power supply lands on opposite sides of the circuit board on which the lands are 
located, and each terminal blade can connect directly with the power supply of the electronic 
equipment at a single touch. Therefore, there is no need to use indirect connection parts in 
addition to the terminal blades, assembly is easier, and the reliability of connection is 
improved. Further, because the positive and negative poles are separated on opposite sides of 
the circuit board, there is no danger of deforming the contact points of the terminal blades 
and accidentally causing a short circuit on the circuit board. 

[0022] Also, the invention of claim 6 is the vibration-generating small-sized motor of 

any one of claims 1 through 4, wherein both of the terminal blades of the pair of power 
supply terminals are either positive or negative, and two pairs are used together as positive 
and negative conductors. 

[0023] Accordingly, the contact points of the individual terminal blades of the pair of 

power supply terminals have greater contact and a more sure connection with the positive or 
negative power supply lands located on opposite sides of the circuit board, and the reliability 
of connection at the contact points is further improved. 

[0024] Also, the invention of claim 7 is the vibration- generating small-sized motor of 

any one of claims 1 through 6, wherein the electrode or the power supply land on the circuit 
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board of the electronic equipment are inserted in a direction substantially parallel to the pair 
of resilient terminal blades located facing each other, whereby the vibration-generating small- 
sized motor can be electrically connected to the power supply of the electronic equipment. 
[0025] Accordingly, the terminal blades of the pair of facing power supply terminals 

are open so that the terminal blades are pushed apart in the direction of the thickness of the 
circuit board, and the contact points of the terminal blades contact the power supply lands 
located on opposite sides of the circuit board. At this time, the width of opening of the spring 
of resilient terminal blades is determined by the width between the power supply lands 
located on the two sides of the circuit board, namely essentially by the thickness of the circuit 
board, and the resiliency is essentially the same in both directions. Therefore, it is possible to 
make a firm connection with the power supply lands, and the reliability of the connection at 
the contact points of the terminal blades is improved. 

[0026] Also, the invention of claim 8 is the vibration-generating small-sized motor of 

any one of claims 1 through 7, wherein there are provided stoppers to limit the width of 
opening of the terminal blades in a direction that the terminal blades are pushed apart by the 
electrode or the power supply land on the circuit board. 

[0027] Accordingly, when the terminal blades of the pair of power supply terminals 

that face each other are pushed apart in the direction of the thickness of the circuit board by 
the power supply lands located on opposite sides of the circuit board, the contact points of the 
terminal blades make contact with the power supply lands and part of each terminal blade 
contacts against the stopper. Thus, the resilient terminal blades gain new resiliency 
characteristics because of the two-point support add by the contact with the stoppers; this 
improves the resiliency of the terminal blades, enables more certain connections with the 
terminal blade contact points, and improves the reliability of the connection. 
[0028] Also, the invention of claim 9 is a vibration-generating small-sized motor that 

includes a mechanism to generate a vibration using an eccentric weight and that is mounted 
inside a portable electronic equipment equipped with an electrode or a power supply land on 
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a circuit board, comprising within an external housing case thereof a stator and a rotor, a 
commutation mechanism, a power supply terminal that connects electrically with the 
electrode or power supply land of the electronic equipment, and a terminal-blade mount on 
which the power supply terminal is mounted, wherein the terminal-blade mount is made of an 
insulating material and located on one end or side of the external housing case and includes a 
substantially U-shaped groove cut therein, there are provided resilient terminal blades facing 
each other that are located in a contact position corresponding to the electrode or the power 
supply land of the circuit board that are inserted into the groove, and the electrode or the 
power supply land are clamped between the resilient terminal blades when the electrode or 
the power supply land are inserted into the groove, whereby the vibration-generating small- 
sized motor can be electrically connected to the power supply of the electronic equipment. 
[0029] Accordingly, as previously described, only the power supply terminal 

deforming flexibly is provided, and it is possible to shorten the length of substantial contact 
with the power supply lands. Further, by having the power supply lands of the circuit board 
of the electronic equipment clamped between the pair of terminal blades accommodated in a 
terminal-blade mount in which a substantially U-shaped groove has been cut, it is possible to 
connect the power supply terminal of the motor directly to the power supply of the electronic 
equipment. Further, because the mounting structure that accommodates the terminal blades is 
substantially within the form of the terminal-blade mount, the terminal blades do not project 
outward. Further, there is no need to have indirect connection pieces in addition to the 
terminal blades and no need for space for such pieces; there are fewer parts, assembly is 
easier, and the connection is more reliable. 

[0030] Also, the invention of claim 10 is the vibration-generating small-sized motor 

of any one of claims 1 through 9, wherein a position of connection of the electrode or the 
power supply land on the circuit board to the motor is in substantially the same plane as the 
central axis of rotation of the motor. 

[0031] Accordingly, because the position of connection of the electrode or of the 
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power supply land on the circuit board is in substantially the same plane as the central axis of 
the motor, the central axis of rotation of the motor is located at the center of the plane of the 
circuit board and the space occupied by the power supply terminal connections in the 
assembled state is within the space occupied by the connections on the circuit board, and 
there is no substantial effect on the thickness of the equipment in which the motor is mounted. 
Therefore, there is no need for extra space in the direction of the thickness of the equipment 
as in conventional contact and attachment structures using leaf spring terminals and elastic 
pressure bodies stacked with the body of the motor. 

[0032] Also, the invention of claim 11 is the vibration-generating small-sized motor 

of any one of claims 1, 2, and 4 through 9, wherein a position of connection of the electrode 
or the power supply lands on the circuit board to the motor is located at any desired point 
from the central axis of rotation of the motor to an outer periphery of the terminal-blade 
mount at the external housing case. 

[0033] Accordingly, because the position of connection of the electrode or of the 

power supply land on the circuit board to the motor is located at any desired point from the 
central axis of rotation of the motor to the outer periphery of the terminal mount at the end of 
the external housing case, assembly away from the center plane of the circuit board is 
possible, at a position offset from the central axis of rotation of the motor toward the outer 
periphery. Therefore, the space occupied by the power supply terminal connections with the 
motor and the circuit board in the assembled state is almost completely within the space 
occupied by the connections on the circuit board, and there is no substantial effect on the 
thickness of the equipment in which the motor is mounted. Therefore, there is no need for 
extra space in the direction of the thickness of the equipment as in conventional contact and 
attachment structures using leaf spring terminals and elastic pressure bodies stacked with the 
body of the motor. 

[0034] Also, the invention of claim 12 is a mounting holder of a vibration-generating 

small-sized motor that covers an outside of an external housing case of the motor, wherein an 
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inside of the holder is formed in substantially the same shape as the outside of the external 
housing case of the motor, and there is provided a groove-shaped rail at a part of the outside 
of the holder in a facing direction, whereby the motor can be fixed in place within a portable 
electronic equipment by an insertion of an edge of a circuit board or a portion of a case of the 
electronic equipment in the groove-shaped rail. 

[0035] Accordingly, it is possible to hold the motor indirectly, through the holder, to 

the circuit board in the portable electronic equipment, and the space in the direction of the 
thickness of the circuit board that is occupied in relation to the position of the motor, which is 
surrounded by part of the holder on the surface of the circuit board, has little substantial effect 
on the thickness of the equipment in which the motor is mounted. Therefore, there is no need 
for extra space in the direction of the thickness of the equipment as in conventional contact 
and attachment structures using leaf spring terminals and elastic pressure bodies stacked with 
the body of the motor. 

[0036] Also, the invention of claim 13 is a mounting holder of a vibration-generating 

small-sized motor that covers an outside of an external housing case of the motor, wherein an 
inside of the holder is formed in substantially the same shape as the outside of the external 
housing case of the motor, there is provided a groove- shaped rail at a part of the outside of 
the holder in a facing direction, there are provided extensions of the holder that project from 
both sides of the groove-shaped rail, whereby the motor can be fixed in place within a 
portable electronic equipment by a suspension of either of the extensions inserted into an 
opening cut into a circuit board and by a pressing of the other extension between a portion of 
a case of the electronic equipment and the circuit board. 

[0037] Accordingly, it is possible to hold the motor indirectly, through the holder, to 

the circuit board in the portable electronic equipment, and the extension on one side of the 
holder can be suspended simply by insertion in the opening cut into the circuit board. The 
other extension is pressed between the portion of the electronic equipment case and the 
circuit board, so that the motor is fixed in place. 


12 


[0038] Also, the invention of claim 14 is a mounting structure of a vibration- 

generating small-sized motor that is fixed in place within an electronic equipment by an 
insertion of a portion of an edge of a circuit board into a U-shaped groove rail at a facing 
position of a holder that covers an outside of an external housing case of the motor, wherein 
extensions of the holder that project from both sides of the U-shaped groove rail are held 
under pressure by an assembly fitting of a divided equipment case of the electronic 
equipment, at the same time sandwiching the inserted circuit board, whereby the motor can 
be fixed in place within the portable electronic equipment. 

[0039] Accordingly, it is possible to hold the motor indirectly, through the holder, to 

the circuit board in the portable electronic equipment, and the space in the direction of the 
thickness of the circuit board that is occupied in relation to the position of the motor, which is 
surrounded by part of the holder on the surface of the circuit board, has little substantial effect 
on the thickness of the equipment in which the motor is mounted. Therefore, there is no need 
for extra space in the direction of the thickness of the equipment as in conventional contact 
and attachment structures using leaf spring terminals and elastic pressure bodies stacked with 
the body of the motor. 

[0040] Moreover, because the extensions of the holder that project from both sides of 

the U-shaped groove rail are held under pressure by the assembly fitting of the divided 
equipment case of the electronic equipment, when the extensions of the holder that project 
from both sides of the U-shaped groove rail are held on both sides by the equipment case 
with the circuit board in a central position, the extensions are held under equal pressure and 
there is no effect of stress deformation on the circuit board; it is possible to fix the circuit 
board, the holder holding the motor, and all between the sides of the divided equipment case. 
Therefore, it is possible to reliably convey the vibrations of the vibrating motor to the 
equipment case of the portable electronic equipment. 

[0041] Also, the invention of claim 15 is a mounting member for the vibration- 

generating small-sized motor of any one of claims 12 through 14, wherein the mounting 
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member of the holder that covers the outside of the external housing case of the motor is 
made of a rubber-based elastic material. 

[0042] Accordingly, because the rubber-based elastic material provides both the 

functions of damping and of shock absorption, it is possible, depending on the properties of 
the material, to reliably transmit the notification function to the equipment case from the 
small motor to generate vibrations within the portable electronic equipment. Now, with 
regard to shock absorption, this is particularly effective as a shock-resistant buffer material in 
holding the circuit board. 

[0043] Also, the invention of claim 16 is a mounting member for the vibration- 

generating small-sized motor of any one of claims 12 through 14, wherein the mounting 
member of the holder that covers the outside of the external housing case of the motor is 
made of a resin-based insulating material. 

[0044] Accordingly, because the material provides both the functions of electrical 

insulation and of holding the motor, it is possible, depending on the properties of the material, 
to assure the electrical safety and the firm positioning of the vibration-generating small-sized 
motor within the portable electronic equipment. Further, the notification function can be 
transmitted to the equipment case from the vibration-generating small-sized motor within the 
portable electronic equipment more directly and more reliably. 

[0045] Also, the invention of claim 17 is a portable electronic equipment of any one 

of claims 1 through 11, 15, and 16, wherein there is provided a vibration-generating small- 
sized motor that includes a mechanism to generate a vibration using an eccentric weight and 
that is mounted inside a portable electronic equipment equipped with an electrode or a power 
supply land on a circuit board, the motor comprises within an external housing case thereof a 
stator and a rotor, a commutation mechanism, a power supply terminal that connects 
electrically with the electrode or power supply land of the electronic equipment, and a 
terminal-blade mount on which the power supply terminal is mounted, wherein the power 
supply terminal includes a pair of resilient terminal blades that are located on the terminal- 
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blade mourn provided a, a face of the externa, housing ease of .he mo.or, faeing eaeh other 
■ and pressing together, and the electrode or the power supply land on the cireui. board are 
damped between the resilient terminal blades, whereby the v.bration-genera.ing small-sized 
motor ean be electrically connected to the power supply of the electronic equipment, wherein 
,be moror includes a power supply mechanism in which each of the terminal blades of the 
pair of power supply terminals is independently positive or negative, and the circuit board 
within the electronic equipment includes wiring on both surfaces corresponding to the power 
supply mechanism. 

[00461 Accordtngly, the present invention enables high connection reliability between 
the power supply terminal and the electrodes or the power sup pl y lands of the cireui. board, 
which is its objec as well as long-term, and enables stable supply of power (long sen-ice 
life), so that it provides the vibration-generating small-sized motor .ha, has electrically stable 
operation. Moreover, i. enabtes me dual eapabili.ies of a mourning structure tot does no. 
impose an unnecessary stress load on dre cireui, board and a mo,or supper, structure that 
reliably conveys vibrations to die equipment case of the portable equipment. 
[0047] Also, dre invention of claim 18 is a portable elearonie equipment in which is 
mounted .he vibra.ion-genera.ing small-sized motor of any one of claims 1 through 16. 
[00481 Accordingly, as stated above, the presen, invention enables high connection 
reliabilhy between the power supply terrninal and dre elecrodes or me power supply lands of 
dre cireui, board, which is Ms objec,, as wen as long-term, stable supply of power (long 
service life), and i, provides dre vibration-generating small-sized motor ma, has electrically 
suable operation. Moreover, i, enables me dual capabilities of a mounting structure that does 
not impose an unnecessary stress load on the circu.t board and a mo,or support structure (ha, 
reliably conveys vibrations ,0 the equipment ease of the portable equipment. 

BRIEF DESCRIPTION OF DRAWINGS 

[0049] FIG 1 is a front (a), top (b), and righ, side (c) view of a vibrating moror of me 
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first embodiment. 

[0050] FIG. 2 is a left side (a) and front (b) view of the vibrating motor of the first 

embodiment when mounted in an electronic equipment case. 

[0051] FIG. 3 is a top (a) and front (b) view of a vibrating motor of the fourth 

embodiment when mounted in the electronic equipment case. 

[0052] FIG. 4 is a partially enlarged (a) and overall perspective (b) view of the 

vibrating motor of the fourth embodiment when mounted in the electronic equipment case. 
[0053] FIG. 5 is a left side (a) and front (b) view of the vibrating motor of the fourth 

embodiment when mounted in the electronic equipment case. 

[0054] FIG. 6 is a schematic view to explain a structure of a power supply terminal of 

the vibrating motor of the first embodiment before insertion of a circuit board (a) and when 
connected after insertion of the circuit board (b). 

[0055] FIG. 7 is a schematic view to explain the structure of the power supply 

terminal of another vibrating motor of the first embodiment before insertion of the circuit 
board (a) and when connected after insertion of the circuit board (b). 

[0056] FIG. 8 is a schematic view to explain the structure of the power supply 

terminal of another vibrating motor of the first embodiment before insertion of the circuit 
board (a) and when connected after insertion of the circuit board (b). 

[0057] FIG. 9 is a schematic view to explain the structure of the power supply 

terminal of another vibrating motor of the first embodiment before insertion of the circuit 
board (a) and when connected after insertion of the circuit board (b). 

[0058] FIG. 10 is a front (a), bottom (b), and left side (c) view of a vibrating motor of 

the second embodiment. 

[0059] FIG. 11 is a front (a), bottom (b), and left side (c) view of another vibrating 

motor of the second embodiment. 

[0060] FIG. 12 shows a vibrating motor of the third embodiment in a cross section of 

the internal structure (a), a schematic view of the power supply terminal portion (b), and a 
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schematic view of attachment to the circuit board of the electronic equipment (c). 

[0061] FIG. 13 is a front (a), bottom (b), and right side (c) view of an examplified 

conventinal vibrating motors. 

[0062] FIG. 14 is a right side (a) and front (b) view of the conventional vibrating 

motor mounted within the electronic equipment case. 

BEST MODE FOR CARRYING OUT THE INVENTION 
[0063] [First Embodiment] 

[0064] The constitution of the first embodiment of the present invention is explained 

in detail below, with reference to FIGS. 1, 2, and 6 through 9. 

[0065] A vibrating motor 1 in FIG. 1 comprises a motor made up of a substantially 

cylindrical external housing case 3, a terminal-blade mount 5 located at one end of an 
external housing case 3 and a power supply terminal 4 comprising terminal blades 4a, 4b 
mounted thereon, and a mechanism to generate vibrations which comprises an eccentric 
weight 6 that is fixed to a spindle of the motor. The terminal-blade mount 5 of the motor 1 is 
substantially cylindrical to match the end of the external housing case 3, and a portion such as 
stoppers 5a, 5b shown in FIG. 1(a) projects in a direction of the spindle extended to 
encompass the power supply terminal 4 on both sides. 

[0066] Meanwhile, the power supply terminal 4 is assembled as shown in the figure, 

with a pair of resilient terminal blades 4a, 4b, which face and approach each other, being 
attached to the end of the terminal-blade mount 5 parallel to the direction of the axis of the 
motor, like the stoppers 5a, 5b of the terminal-blade mount 5. This mounting position is in 
substantially the same plane as the central axis of rotation of the motor which has the 
cylindrical external housing case 3, making a positionally symmetrical power supply terminal 
structure. The terminal blades 4a, 4b are a pair of substantially semicircular-curved leaf 
spring as shown in FIG. 1(a), and they face and approach each other. 

[0067] The function and operation of the terminal blades 4a, 4b in the terminal-blade 
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mount 5 is explained in FIG. 6. 

[0068] In FIG. 6, (a) represents the state prior to insertion of the electrodes or the 

power supply lands on the circuit board; the terminal blades 4a, 4b are in a no-load condition, 
facing and touching each other. When the circuit board is inserted in a direction shown by a 
arrow, the terminal blades 4a, 4b are separated and open to the position shown by the broken- 
line terminal blades 4a', 4b 1 . There are stoppers 5a, 5b located on the end of the terminal- 
blade mount 5, and at this time the tips of the terminal blades 4a, 4b are limited in their 
spread in the direction of opening by the support points P of the inner, backing faces of the 
stoppers 5a, 5b. 

[0069] FIG. 6(b) indicates a clamped state at that time: a circuit board 50 is inserted to 

push the terminal blades 4a, 4b apart, and the contact points M of the terminal blades 4a, 4b 
are connected to power supply lands 55 of the circuit board 50. The width of the opening is 
controlled as a design measurement in conjunction with the thickness of the circuit board, and 
should always be such that the tips of the terminal blades 4a, 4b will touch the stoppers 5a, 
5b. By this means, the terminal blades 4a, 4b have the resiliency of a dual support structure, 
having in addition to the blade supports the further support of the stoppers 5a, 5b located on 
the terminal-blade mount; this yields sustained spring characteristics including greater 
strength and less fatigue settling. The action and effect of the terminal blades 4a, 4b shown in 
FIG. 7 is the same as those shown in FIG. 6. 

[0070] FIGS. 8 and 9 show different shapes of the terminal blades 4a, 4b. The power 

supply terminal 4 in FIG. 8 has the terminal blades 4a, 4b that face the power supply lands 55 
attached within substantially U-shaped grooves cut into the terminal-blade mount 5, with the 
contact points and nearby portions of the terminal blades 4a, 4b exposed and the rest of the 
outer surface of the terminal blades 4a, 4b covered by insulating material. The direction of 
bending of the terminal blades is different from that described above, of course, and so the 
locations of the stoppers 5a, 5b and the support points P on their backing faces is changed as 
shown in the figure. 
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[0071] The power supply terminals shown in FIGS. 6 through 8 all have facing pairs 

of resilient curved leaf spring material, and the individual terminal blades 4a, 4b of each 
power supply terminal 4 are individual conductors of positive or negative polarity. Because 
the circuit board 50 of the portable electronic equipment, with which the power supply 
terminal 4 connects, is a circuit board with wiring on both surfaces corresponding to the 
power supply terminal 4, the motor can easily be electrically connected to the circuit board 50 
by just clamping to both sides of a portion of it. 

[0072] That is, the power supply terminal 4 is at a face of the external housing case 3, 

and is electrically connected to the power supply of the electronic equipment when the 
electrodes or the power supply lands 55 on the circuit board are inserted in a direction 
substantially parallel to the terminal blades 4a, 4b and held in place between the resilient 
terminal blades 4a, 4b that face and approach each other on the terminal-blade mount 5. 
[0073] As an exception, such as the power supply terminal structure shown in FIG. 9, 

it is possible to have a power supply terminal with two pair of terminal blades 4a, 4a (4b, 4b) 
with the conductor of each pair having a positive or negative polarity, and the two pairs 
together having independent positive polarity on one conductor and negative polarity on the 
other. 

[0074] Next, a representative illustration of an example of the vibrating motor 1 

mounted within the portable electronic equipment is shown in FIG. 2. In FIG. 2, both (a) and 
(b) are diagrams of the mounting structure when the vibrating motor 1 is set within the 
equipment case of the portable electronic equipment. In the space fitted to the motor set off 
by partition walls in an equipment case 100 of the portable electronic equipment, and with the 
intervention of mounting material in the form of a holder 30 which covers the outside of the 
external housing case 3, the motor is sandwiched and held between the upper and lower parts 
of the equipment case 100 of the portable electronic equipment, the case being divided into 
two parts as shown in the figure. Now, in the figure, a part denoted by a reference numeral 8 
on the outer surface of the terminal-blade mount 5, where a part of the partition wall is in 
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contact with the motor, is a whirl-stop to hold the motor in place, but it is not really necessary 
during mounting in the present invention. 

[0075] Further, the circuit board 50 within the equipment case of the portable 

electronic equipment is sandwiched, as shown in the figure, between the terminal blades 4a, 
4b on the terminal-blade mount 5 of the power supply terminal 4 located at one end of the 
motor, and it is held in place in a central position within the thickness measurement of the 
diameter of the motor. Because of this, there is no need for space for the excess height of the 
conventional structure, shown in FIG 14, in which contact points 104 are stacked upwards 
with an elastic pressure body in between. The portable electronic equipment is thinner, and 
there is greater freedom, in regard to space, in the basic design and physical layout. 
[0076] In particular, as apparent from a comparison of FIG. 2 and FIG. 14, mounting 

space can be assured within the range of the outside diameter of the terminal-blade mount 5 
at the end of the external housing case when the position of the connection between the motor 
and the electrodes or the power supply lands 55 of the circuit board 50 is at the position of the 
central axis of rotation of the motor. In other words, by assembling the circuit board in a 
substantially parallel direction at any desired point within the range of the thickness of the 
motor, adopting the power supply terminal structure described above, space problems that 
accompany reduction of the thickness of the portable electronic equipment disappear, and the 
degree of freedom in the basic design of the actual layout of the equipment is increased. 
[0077] [Second Embodiment] 

[0078] The constitution of the second embodiment of the present invention is 

explained in detail below, with reference to FIGS. 10 and 11. 

[0079] A vibrating motor 11 in FIG 10 comprises a motor made up of a substantially 

cylindrical external housing case 13, a terminal-blade mount 15 located at one end of the 
external housing case 13 and a power supply terminal 14 comprising terminal blades 14a, 
14b mounted thereon, and a mechanism to generate vibrations which comprises an eccentric 
weight 16 that is fixed to a spindle 12, which is supported by a bearing 17 that is molded as a 
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unit with the terminal-blade mount 15. The terminal-blade mount 15 of the motor 11 is 
positioned on the side and at one end of the external housing case 13, and is substantially 
perpendicular to the axis of rotation. The pair of facing, resilient, curved leaf spring terminal 
blades 14a, 14b is similarly positioned to project in a position substantially perpendicular to 
the axis of rotation. Further, as described previously, a portion of the terminal-blade mount 15 
extends in the same direction as stoppers 15a, 15b, as shown in FIG. 10(c), so as to enclose 
the power supply terminal 14 which comprises terminal blades 14a, 14b from both sides. 
[0080] The power supply terminal 14 shown in FIG. 11 comprises a pair of facing, 

resilient, curved leaf springs; each terminal blade 14a, 14b of the power supply terminal 14 is 
an independent conductor of positive or negative polarity, and the circuit board of the 
portable electronic equipment to which it is connected is a circuit board with wiring on both 
sides corresponding to the power supply terminal 14. By this means, the electrical connection 
to the motor can be made easily by simply clamping both sides of a portion of the circuit 
board. 

[0081] Meanwhile, the power supply terminal 14, as shown in FIG. 11, can be a pair 

of power supply terminals having terminal blades 14a, 14a and 14b, 14b respectively, each 
terminal being a conductor with either positive or negative polarity. By means of assembly 
with two pairs, as shown in the figure, it is possible to have independent conductors on the 
left and the right sides, with the positive pole on one side and the negative pole on the other. 
This enables a multi-point connection with the power supply lands on the circuit board, and a 
more certain, reliable connection can be obtained. The power supply lands on the circuit 
board are located in positions corresponding to the two pairs of terminal blades. 
[0082] Further, the mounting position is in substantially the same plane as the axis of 

rotation of the motor having a cylindrical outer housing case 13; this is a symmetrical power 
supply terminal structure centered on the spindle of the motor, such that a portion of the flat 
circuit board can be inserted. Further, the shape of the terminal blades 14a, 14b has contact 
points on the terminal blades, made of curved leaf spring material as shown in the figure, that 
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are lined up facing each other. Now, the function and operation of the terminal blades 14a, 
14a or 14b, 14b in terminal mounts 15, 15 are almost the same as described previously, and 
so explanation of them has been omitted. 
[0083] [Third Embodiment] 

[0084] The constitution of the third embodiment of the present invention is explained 

in detail below, with reference to FIG. 12. 

[0085] A vibrating motor 21 in FIG. 12 comprises a mechanism to generate vibrations 

of the fixed spindle outer rotor type in which the eccentric-weight mechanism to generate 
vibrations and the stator and rotor drive mechanism are all incorporated within a substantially 
cylindrical external housing case 23. In (a) of the figure, a reference numeral 27 denotes a 
cylindrical magnet, and is fixed between flanges 29a, 29b that surround a terminal-blade 
mount 25 and a spindle 22. That constitutes the stator, along with an external housing case 23, 
whereas a rotor 28 comprises a wound coil located facing the outer periphery of a magnet 27, 
along with a yoke and a commutator. An eccentric weight 26 mounted outside the rotor 28 is 
driven within the external housing case 23. 

[0086] With regard to a power supply terminal 24, meanwhile, as shown in FIG. 12(b), 

a pair of terminal blades 24a, 24b of the power supply terminal 24 are mounted substantially 
perpendicular to a central spindle 22, at the end of a terminal-blade mount 25 on one side of 
the external housing case 23. The position for insertion of the circuit board is cut into a cover 
20 that protects the power supply terminal, and only the contact point portions of the pair of 
facing, resilient curved leaf spring terminal blades 24a, 24b are exposed. The power supply 
lands 55 of the circuit board 50 are inserted into the gap designated E in the figure and a 
portion of the circuit board 50 or the equipment case 100 (not illustrated) is inserted into that 
designated D at the other end in order to give dual support to the motor. As shown in FIG. 
12(c), for example, it is possible to insert and fix the motor to the circuit board by sliding the 
portions designated D and E in the direction shown by the arrow so the motor fits into a 
rectangle cut into the circuit board 50. 


22 


[0087] Further, the mounting position of the circuit board 50 in this case is in 

substantially the same plane as the central axis of the motor which has a substantially 
cylindrical external housing case 23. In this way, the degree of freedom in the basic design of 
the actual layout, in connection with space problems that accompany reduction of the 
thickness of portable electronic equipment, is increased. 

[0088] Further, regarding the shape of the terminal blades 24a, 24b, the terminal 

blades are curved leaf spring material with a three-dimensional fitting portion as shown in the 
figure. They face each other so that the contact points are lined up. Now, the function and 
operation of the terminal blades 24a, 24b in terminal mount 25 are almost the same as 
described previously, and so explanation of them has been omitted. The stoppers 25a, 25b, 
however, have somewhat different support locations; the support is not at the tips of the 
terminal blades 24a, 24b; rather, the support is at the bends along the substantially S-shaped 
terminal blades, as shown in the figure. 
[0089] [Fourth Embodiment] 

[0090] The constitution of the fourth embodiment of the present invention is 

explained in detail below, with reference to FIGS. 3 through 5. The mounting structures in 
each figure explain in detail the holder that covers the outside of the external housing case of 
the motor, as well as the circuit board and the constitution of the inside of the equipment case 
of the portable electronic equipment, which support the holder within the portable electronic 
equipment. 

[0091] In FIG. 3, a reference numeral 33 denotes a holder that covers the outside of 

the external housing case of the motor; the inside of the holder is formed in essentially the 
same shape as the outside of the external housing case 3, and there are provided rails 33c in 
the form of U-shaped grooves running along the outside. There are provided extensions 33a, 
33b of the holder 33 that project on both sides of the U-shaped rail 33c. A cut-out from the 
circuit board 50, as shown in (b) of the figure, is inserted into the groove- shaped rails 33c, 
33c; this suspends the holder 33 and at the same time connects the terminal blades 4a, 4b of 
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the power supply terminal 4 to the power supply lands 55. Then the circuit board and all are 
accommodated in the mounting position by the partition walls within the equipment case of 
the portable electronic equipment, as shown in FIG 4 and, finally, the extensions 33a, 33a 
and 33b, 33b of the holder 33, together with the circuit board 50, are clamped in place by the 
partition walls of the other side of the equipment case 100 of the electronic equipment. By 
this means, the vibrating motor 1 is fixed in place within the portable electronic equipment. 
[0092] FIG. 5 (a) and (b) show, from two directions, an example of assembly by 

mounting the holder 33 in the circuit board 55 within the portable electronic equipment. The 
material used for the holder 33 that covers the outside of the external housing case 3 of the 
motor can be selected as desired from among rubber-based elastic materials or resin-based 
insulating materials. In terms of material properties, it should accurately convey the 
notification vibration of the vibrating motor to the portable electronic equipment case; there 
are many candidates, including rubber-based elastic materials such as silicone rubber and 
other synthetic rubbers used in electronic equipment, and relatively elastic polymer insulating 
materials such as PBT. 

[0093] FIG 5 (a) and (b) are explained in further detail by comparing the assembly of 

the portable electronic equipment with FIG. 14, an example of an conventional mounting 
method, and explaining the differences. 

[0094] The first big difference is the clearly different location of the connection 

between the power supply terminal and the electrodes or the power supply lands of the circuit 
board. The location of the connection in the present invention, shown in FIG. 5, is a central 
position substantially along the axis of rotation of the motor. Therefore the circuit board 50 is 
sandwiched, and the height measurement including the holder 33 is small, not exceeding the 
measurement of the holder 33. In contrast to the older stacked structure in which the motor, 
holder and terminal blades are atop the surface of the circuit board, the equipment case as a 
whole can be made thinner, and there is a higher degree of spatial freedom in the basic design 
in regard to the actual layout of the portable electronic equipment. 
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[0095] Moreover, considering the pressure on the circuit board 50 that is a problem in 

the conventional technology, with the structure of the present invention the circuit board 50 is 
in a central position, and is sandwiched by the two halves of the divided equipment case 100 
of the portable electronic equipment; there is elastic support from the extensions 33a, 33b of 
the holder 33 and a portion of the circuit board 50 is held in the designated position at the 
center. With this mounting structure, there is no deformation from bending stress on the 
circuit board 50 itself. For that reason, the rigidity of the portion of the equipment case where 
the motor is mounted is improved, as is the support strength of the circuit board 50; the 
mounting is secure. 

[0096] As shown in FIG. 5, in other words, an edge of the circuit board 50 is inserted 

in the U-shaped groove rail 33c of the holder 33 that covers the outside of the motor's 
external housing case 3, the extensions 33a, 33a and 33b, 33b of the holder 33 that project on 
both sides of the U-shaped groove rail 33c are held under pressure by assembly fittings on the 
divided equipment case 100 of the portable electronic equipment, and at the same time the 
inserted circuit board 50 is sandwiched by the divided case. By this means, the vibrating 
motor 1 is fixed securely in place within the portable electronic equipment. 
[0097] In this way, not only the vibrating motor 1, but also a portion of the circuit 

board 50 is supported by the extensions 33a, 33a, and 33b, 33b of the holder 33, and when 
the motor 1 and the circuit board are assembled, the motor 1 is easily mounted by just sliding 
the edge of the circuit board 50 into the rail 33c. Further, either of the extensions 33a, 33a or 
33b, 33b of the holder 33 can be molded of a polymer with the other being molded as a unit 
with the rubber elastic body so that the holder can be assembled by pushing the rubber elastic 
body into the opening cut into the circuit board 50 and suspending it there. 
[0098] Now, the material and shape of the holder are design considerations, and as 

long as it does not depart from the purport of the invention, the shape of the holder can be 
square pillar, cylindrical, or some other desired shape. The material of the elastic body can be 
selected from among any appropriate materials, with the condition that it be able to maintain 
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elasticity over a long period while distorted by compression or tension. 
INDUSTRIAL APPLICABILITY 

[0099] As explained above, the present invention relates to the vibration-generating 

small-sized motor that operates with the capability of the silent vibration alarm (generally 
called the "manners mode"), to be mounted primarily in the portable electronic equipment 
(including portable wireless telephones, PHS, small-sized wireless communications 
equipment, and also various types of portable information processing terminals). Specifically, 
it relates to the power feed mechanism connecting the motor to the power supply section of 
the circuit board within electronic equipment. 

[0100] According to the present invention, the power supply terminal of the vibrating 

motor mounted in the portable electronic equipment can be reliably connected electrically to 
the electrodes or to the power supply lands on the circuit board of the electronic equipment, 
and can be maintained in the connected state continuously over the long period. 
[0101] That is, in the present invention, the power supply terminal comprises just the 

terminal blades which are small pieces that deform flexibly, and it is possible to make the 
essential length of their contact with the power supply land much shorter than in the 
conventional technology. Because of this size advantage, it is possible to reduce the material 
cost of the terminal blades. Moreover, by just sandwiching the power supply land on the 
circuit board of the electronic equipment between a pair of terminal blades that face and 
approach each other, it is possible to easily connect the power supply terminal of the motor 
directly to the power supply of the electronic equipment. Therefore, the connection route of 
the power supply is shorter, the structure is simpler, and there is no need to provide indirect 
connection parts in addition to the terminal blades. And so, there is that much less space 
required, the number of parts is reduced, assembly is easier, and the reliability of connection 
is improved. 

[0102] Further, in the present invention, each of the pair of facing terminal blades of 
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the power supply terminal spreads apart in the direction of the thickness of the circuit board 
and the contact points of the terminal blade contacts the power supply land located on the 
circuit board that is sandwiched, so that the width of opening of the spring of the resilient 
terminal blades is determined by the width between the power supply lands located on the 
two sides of the circuit board, namely essentially by the thickness of the circuit board, and the 
resiliency is essentially the same in both directions. Moreover, when a portion of the terminal 
blade comes in contact with the stopper, the resilient terminal blades gain new resiliency 
characteristics because of the two-point support added by the contact with the stoppers, which 
improves the resiliency of the terminal blade. Therefore, it is possible to make the firm 
connection with the power supply lands, and the reliability of the connection at the contact 
points of the terminal blades is improved. 

[0103] Furthermore, through the present invention, the extensions of the holder that 

project on both sides of the groove-shaped rails are held under pressure from the assembly 
fittings of the divided equipment case of the portable electronic equipment, and so the 
mounting position of the inserted circuit board is in the center; when the holder extensions on 
both sides of the rails are assembled with the equipment case on both sides, the extensions are 
held in place under equal pressure from the equipment case. Accordingly, there is no worry 
about the effect of stress distortion on the circuit board in the middle; the holder that holds the 
motor, with the circuit board in a central position, can be fixed in place between the halves of 
the divided equipment case. Therefore, in the assembled state it is possible to convey the 
vibrations of the vibrating motor to the equipment case of the portable electronic equipment 
without fail. 

[0104] Additionally, according to the present invention, it is possible to hold the 

motor indirectly, through the holder, in the circuit board within the portable electronic 
equipment. In connection with the position of the holder which is sandwiched on the plane of 
the circuit board, or more specifically, because the circuit board is located in the same plane 
as the central axis of the motor, the central axis of the motor matches the plane of the circuit 
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board, and the space occupied by the power supply terminal connections in the assembled 
state is within the range of the space occupied by the connections on the circuit board, so that 
the connections have no substantial effect on the thickness of the equipment in which the 
motor is mounted. Therefore, compared with the conventional connection and holding 
structure, in which the resilient terminal, the elastic pressure body, and the motor are stacked 
up, with this invention there is no need for excess space in the direction of the thickness of 
the equipment, and smaller, lighter, and thinner portable electronic equipment can be realized. 


